INTRODUCTION
Due to the degradation and cost increase of conventional fossil fuel along with the global trend to decrease the greenhouse effect, clean energy production from renewable sources has been given a great concern during the last few decades. Among those, wind energy conversion system (WECS) has received a remarkable attraction during last ten years. The global installed capacity worldwide significantly increased from 7.272 GW at the end of the year 2002 to 40.56 GW by the end of the year 20 11 [1] . In 2008, wind power produced over 1 % of global electricity generation and by the year 2020, it is estimated to produce about 10% of the global electricity [2] .
With the fast growth of power electronics technology, the concept of a variable-speed wind turbine equipped with a doubly fed induction generator (DFIG) is receiving more attention because of its advantages over other wind turbine generator concepts. The typical configuration of DFIG is shown in Fig. 1 where the stator winding of the generator is directly coupled to the grid at a point of common coupling (PCC) through a coupling transformer whereas the rotor winding is fed via a partially rated (25%-30% of the DFIG rated power) variable frequency AC-DC-AC converter. The ACIDC/ AC converters include a rotor-side converter (RSC) and a grid side converter (GSC) linked by DC link capacitor [3, 4] . At early stages of its implementation, it was allowed to disconnect the wind turbines during various grid faults to protect it from being damaged. Nowadays, and due to the significant portion of load that wind farms contribute, transmission line operators (TLOs) require the wind turbine to remain connected to support the grid during grid disturbance events. This has led to the establishment of strict grid codes that wind turbine generator must meet to maintain its connection to the grid. While many papers can be found in the literature investigating various approaches to compensate WECS reactive power during fault events by mainly connecting a flexible AC transmission system (FACTS) device such as static synchronous compensator (STATCOM) to the PCC [4] [5] [6] , a few publications considered the compensation of active power as well [7 , 8] .
Superconducting magnetic energy storage (SMES) unit is a FACTS device that can compensate both active and reactive power smoothly, independently and rapidly in four quadrant operation [9] . Application of superconducting magnetic energy storage (SMES) unitto smooth the output power of fixed speed based WECS during wind speed fluctuation and its applications to improve the dynamic performance of variable speed-based WECS have been investigated in the literature [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] .
This paper presents an application for SMES unit to improve the overall performance of a DFIG based WECS during voltage sag at the grid side. A new SMES control system, which is efficient, simple, and easy to implement, is proposed. Simulation is carried out using SimulinkiMatIab software. 
SMES Coil
The PWM converter and the dc-dc chopper are linked by a dc link capacitor [20] . This configuration makes SMES highly efficient in storing electricity with typical efficiency in the range of 95%-98% [14] . Other advantages of the SMES unit include very quick response and possibilities for high-power applications [1] . The stored energy in the SMES coil can be calculated as [20] (2)
Where Esms, Lsms and Isms are the stored energy, superconductor inductance, and the dc current through the SMES coil respectively.
To control the power exchange between SMES unit and the grid, hysteresis current control (HCC) is chosen based on its advantages including simplicity, fast dynamic response, to produce the reference current (labe_ref) [15] .
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Step-up (Fig. 6 ) and therefore the wind turbine connection to the grid is maintained. ----.----,----.-----.----,----.----, ,-- Due to the fault and without the connection of the SMES unit, the active power at the PCC will drop to 0.25 pu, and it reaches a maximum overshooting of 75% during the clearance of the fault, as shown in Fig. 7 . When the SMES is connected to the system, the active power at the PCC will be compensated to reach its nominal level during the fault as shown in Fig. 7 . Fig. 8 shows the reactive power at the PCC without and with the connection of the SMES unit. Without SMES, more reactive power will be withdrawn from the DFIG while with the support of SMES unit; less reactive power will be needed from the DFIG. The DFIG power drop causes the generator speed to be accelerated to compensate for the power imbalance. As can be observed in Fig. 9 , the generator speed will accelerate and oscillate without the SMES unit; however, with the SMES connected to the system, the power drop is reduced, the settling time of the generator speed is substantially reduced, and the overshooting level is significantly decreased. Same trend can be observed in the shaft mechanical torque shown in Fig. 10 . Fig. 11 shows the voltage across the DFIG dc link capacitor which experiences a sever overshooting during fault clearance. With the SMES unit connected to the system, this maximum shooting is substantially reduced.
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V. SMES UNIT COST
The SMES system is still expensive due to the cryogenic system equipped with liquid helium that is required to maintain the SMES coil within the superconducting state. 
